Abstract: This Paper Reviews Briefly The Current Research
INTRODUCTION
Sloshing can be defined as dynamic load acting over a tank structure as a result of the motion of a fluid with free surface confined inside the tank. Liquid sloshing is a kind of wave motion inside a partially filled tank. The sloshing phenomenon is of great practical importance to the safety of the liquid transport. Under external excitations, with large amplitude or near the natural frequency of sloshing, the liquid inside a partially filled tank is in violent oscillations. In this paper we will see the background behind the sloshing phenomena to define the problem in proper manner. Also we will see the research work carried related to this problem, proposed methodology to go for solution and scope of work.
The tanker used for the transportation of liquid over the road-ways is an integral part of the Carrier/ Vehicle. The tanker is expected to withstand the unbalanced forces on account of the transit over uneven and irregular surfaces/ contours of the road as also due to sudden acceleration or deceleration (due to application of brakes). As a result, `sloshing' of the liquid is experienced within the tanker. Different aspects of analyses are necessary to design the tanker but sloshing analysis is also one of the prominent aspects for reducing its detrimental effects over structure of tanker. Sloshing can be the result of external forces due to acceleration/deceleration of the containment body. Of particular concern is the pressure distribution on the wall of the container reservoir and its local temporal peaks that can reach as in road tankers twice the rigid load value. In road tankers, the free liquid surface may experience large excursions for even very small motions of the container leading to stability problems. Analysis of the sloshing motion of a contained liquid is of great practical importance. Motion of a fluid can persist beyond application of a direct load to the container; the inertial load exerted by the fluid is time-dependent and can be greater than the load exerted by a solid of the same mass. This makes analysis of sloshing especially important for transportation and storage tanks. Due to its dynamic nature, sloshing can strongly affect performance and behavior of transportation vehicles, especially tankers filled with oil. In fact, a significant amount of research has gone into developing numerical models for predicting fluid behavior under various loads.
Hence liquid sloshing is a practical problem with regard to the safety of transportation systems, such as oil tankers on highways, liquid tank cars on railroads, oceangoing vessels with liquid cargo, propellant tank used in satellites and other spacecraft vehicles, and several others
II. LITERATURE REVIEW
Many researchers are studying the sloshing phenomena since 1950 for transportation of fluids as well as gases for better national communication. Here, in this chapter we reviewed some literature regarding sloshing and analyzing method. [1] has reported that the normal practice is to base the tanker's design on engineering analysis, and to use rule equations only as a check, for guidance and control. The potential benefit from utilizing engineering analysis is stress verification and rational distribution of steel, which results in steel weight optimization without sacrificing strength. Also it has been suggested the different types of engineering analysis required to design the tanker which are mentioned as below:  Ship Moment: The first step in the analysis consists of calculating the hull girder longitudinal vertical bending moment, for all anticipated loaded and ballast conditions.  Ship Motion: The next step in the analysis is to calculate the vertical, lateral and torsional dynamic components of the hull girder bending moments, as well as the motions, point accelerations and pressure distribution along the vessel's length.  3-D Global 3-D Finite Element Analysis (FEM): The data obtained from ship moment and ship motion above are used to carry out a three-dimensional global FEM analysis for the entire vessel, or for a portion of the hull girder. This analysis gives the overall structural response in the form of element stresses and displacements.  Sloshing Analysis: This analysis is used to determine the dynamic loads on the tank boundaries from the motion of the fluid within the tank due to ship movements in a seaway.  Thermal Stress Analysis: This analysis provides the distortions and stresses in the hull structure induced by non-linear temperature differentials in vessels carrying hot cargoes.  Fatigue and Fracture Mechanic Analysis: Based on the combined effect of loading, material properties and flaw characteristics, this analysis predict the service life of the structure, and determine the most effective inspection plan.  Vibration Analysis: This analysis is used to determine the extent of vibrations in the ship structure induced by the interaction of fluids, structure, machinery and propellers.
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Jean Ma and Mohammad Usman Jean [2] presented that, the sloshing phenomenon in partially filled fuel tanks is more pronounced when vehicle experience a sudden start or stop. Sloshing is undesired because it produces noise, high impact force on the tank walls and the challenge of low fuel handling. Today the solution for containing sloshing is to incorporate baffles inside the tank. The presence of baffles dissipates the energy that is induced by the fuel motions. Design of baffles is necessary step during the design of a fuel tank to meet required performance specification in service. After literature review it can be seen that, this problem is having FSI nature so the modeling and analyzing method should be susceptible to adopt such nature of problem. Here, in this chapter we will see different approaches to solve FSI problem along with explanation about FEA code useful for analysis.
Approaches to solve FSI problem:
This type of problem can be modeled in basic four approaches which are used for fluid structure interaction problem a. Lagrangian approach b. Euler approach
Lagrangian approach
Lagrangian formulation is usually used for describing a solid mechanics problem. The problem is described with a high number of mass particles, where the motion of every single particle is being observed in space and time. The problem is exactly defined when the motion of all the particles is known. The Lagrangian formulation is very simple and easy to use for one or only a few mass particles. However, the method becomes very complicated and complex for description of high number of mass particles. (Fig.1) In the Eulerian formulation the problem is being observed at one point in space which does not follow the motion of the single particle. In one time step t several mass particles may pass the observed point. Their motion is exactly determined in the moment of passing through that point. In the observed point the field variables are time dependent. (Fig.2 The basic difference between the Lagrangian and the Eulerian formulation is that at the Lagrangian formulation the magnitudes x, y and z are variable coordinates of a moving particle. At the Eulerian formulation those coordinates represent steady coordinates of the defined field point A Lagrangian mesh should be used to model structural parts of a problem. In the Lagrangian formulation one finite element represents the same part of the material throughout the course of the analysis. The fluid domain can be described with a material model which skips the calculation of deviatoric stresses. By defining a low bulk modulus for fluids such as water, the elastic shear forces become negligible, and by using a low yield stress, fast tran sition to plasticity can be achieved (e.g. by only considering the gravitation). Under high dynamic loading, the shear forces and any unreal introduced forces become negligible in comparison to the inertial forces of the fluid. (Fig.3) illustrates the solution process of a simple fluid problem using the Lagrangian formulation. It is presumed that the loading influences only the central node. The result of the loading is the shift of that node in a computational time step. If the influence of the loading does not stop or change, the node takes a new position in the next time step and the mesh deforms even more, since the mesh follows the material flow.
Fig. 3 Mesh Deformation in Langrangian Formulation

Eulerian Approach:
It is also possible to apply the Eulerian formulation for fluid flow analyses, where the fluid flow through the fixed mesh in a space is observed. The material point moves from one finite element to another and the finite element mesh does not move or deform. Although the Eulerian mesh in appears not to move or deform during the analysis, it does actually change its position and form only within the single time step. The reason for this is the use of Lagrangian formulation in single time steps, which is much more advanced in. The Eulerian mesh is treated in a special way (Fig.3.4) . To illustrate the use of an Eulerian mesh the same example is used as in the previous chapter. Because of the central node loading, the observed node changes its position during one computational time step (mesh deforms). After the time step the analysis stops and the following two approximations are performed: -Mesh smoothing: all the nodes of the Eulerian mesh that have been displaced due to loading are, moved to their original position; -Advection: the internal variables (stresses, flow fields, velocity field) for all the nodes that have been moved are recomputed (interpolated) so that they have the same spatial distribution as before the mesh smoothing. In this way the mesh smoothing does not affect the internal variable distribution.
The described procedure is being repeated for each time step of the analysis and provides the analyst with a non-movable and undeforms able Eulerian mesh. Simulation results are involving different iterations in that first iteration is Sloshing of LPG without baffle which includes various stages of sloshing simulation at start which shown in Fig.11 and Fig.12 respectively. Similarly, disturbance in fluid is clearly shown in Fig.13 and Fig.14 Fig.15 to Fig.19 shows the gradually increasing of LPG sloshing amplitude with enclosed full baffle inserted in a tanker. Similarly, Fig.20 to Fig.24 shows the simulation of LPG sloshing with one modified baffle at the center of tank with various views. Then, simulation result of LPG sloshing with two modified baffles is given in Fig.25 to Fig.29 with various stages of sloshing phenomena. 
Findings:
From the simulation result of every iteration it can be found that, sloshing is reduced in considerable amount with the help of two modified baffles located at 2500 mm apart from each other. Also the maximum pressure generated in various iterations due to sloshing of fluid is as follows: Similarly the maximum velocity developed in various iterations because of sloshing of fluid is as follows: 
III. CONCLUSION
Analysis of cylindrical liquid carrier tanker is carried out using the finite element method. Studies of various methods in FEA are done and one particular method is selected to model fluid-structure interaction problem. These interaction problems are quite complex and they have been challenging as well.
Using MSc-Dytran software defined problem has been modelled which uses Arbitrary Langrangian Eulerian method (ALE). Elements depicting the properties of the tanker and the liquid are selected and coupled. Water is selected first to see the nature of sloshing and to get the maximum pressure. Then iterations are taken for real liquid in the problem i.e. Liquefied Petroleum Gas (LPG). Analysis is done to obtain sloshing patterns, pressure and velocity parameters in different cases. From the results that obtained in analysis following conclusions can be drawn
We can accept the challenge for transportation of liquid in partially filled tankers by using baffles in proper shape, numbers and location. In this problem sloshing of LPG is reduced in half filled cylindrical tanker at the speed of 40kmph by using two modified baffles. Also effect of sloshing over tanker and baffles are decreased with proper thickness. The pressure and velocity developed in two baffled condition is lower than unbaffled, one baffled and enclosed baffled condition. So it is recommended to use two modified baffles, 2500mm apart from each other with thickness 20 mm which can decrease the sloshing considerably and sustain the sloshing pressure
